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(a) Intuitive scheme of y-to-x polarization conversion: 
(b) The amplitudes and phases of the reflected electric 
fields with the elecric field of the incident EM waves 
along the u- and v-axis, respectively. 


The topological structure of the unit cell 
of the ultra-wideband PRRS with a high 
PCR: (a) top view and (b) side view. 
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The simulated 
Surface current 
distributions 
on metallic 
patches of the 
unit cell at the 
five resonant 
frequencies: 
(a) 6.42 GHz, 
(b) 7.68 GHz, 
(c) 9.38 GHz, 
(d) 13.3 GHz, 
(e) 17.1 GHz. 
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Simulated reflection coefficients Ivy of the 


proposed PRRS for the case of different 
thickness t, of the superstrate. 
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The scheme of multiple reflection- 
transmission process described by the 
reflection and transmission coefficients. 
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The reflection coefficients at 
the superstrate-metallic 
patches interface obtained 
by numerical simulation: (a) 
amplitudes and (b) phases. 
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The calculated and simulated reflection 
coefficients ly and s 
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The RCS of the proposed checkerboard 
Surface 0, can be written as 
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The curve of RCS reduction is in agreement 
with that of r,, of the proposed PRRS, which 
are in agreement with the result. 
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Normalized monostatic RCS with respect to the 
reference for the proposed ultra-wideband 
checkerboard surface and r,, of the PRRS. 
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To further investigate the bistatic RCS reduction of the proposed checkerboard surface, the 
figure of merit for bistatic reduction (FMB) is given, which 1s first defined in [1] 


Max{Bistatic RCS of the proposed structure } 


FMB(f) — 
(f) Max{Bistatic RCS of the reference } 
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Fig. 15 Figures of merit bistatic RCS reduction (FMB) of the checkerboard 
surface versus frequency at different angles of incidence. 


[1] A. Edalati, and K. Sarabandi, "Wideband, wide angle, polarization independent RCS reduction using nonabsorptive miniaturized-element 
frequency selective surfaces,” JEEE. Trans. Antennas Propag., vol. 62, no. 2, pp. 747-754, Feb. 2014. 
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(a) Schematic illustration of the proposed polarization convertor. When the incident plane 
wave is linearly polarized with x (y) polarization, the reflected wave will be circularly 
polarized. (b) 3D schematic of the two layers of a unit cell of the polarization convertor. The 
gray region is a substrate and the other regions are all copper. The two L-shaped patches are 
connected to the ground by two metallic vias. (c) Simulated (black square) and measured 
(blue triangle) axial ratio of the reflected wave at a normal incident angle. The inset is the 
fabricated prototype of the metasurface consisting of 20 X 20 unit cells with a total 
dimension of 180 mm X180 mm. 
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(a) Schematic of the electric field decomposition. The red and blue arrows represent the 
incident plane waves and reflected plane waves, respectively. Inset shows the schematic 
diagram used to calculate the axial ratio of the reflected wave under a normally incident y- 
polarized wave. (b) Simulated reflection coefficients and phases of the unit cell illuminated by 
the incident plane wave with u polarization (blue triangle for reflection phase and black line 
for reflection coefficient) and v polarization (blue square for reflection phase and black dot for 
reflection coefficient). 
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(a) Axial ratio comparison between unit cell with (black square) and without (blue triangle) 
metallic vias. (b) and (c) show the current distributions on the patches and ground of the unit 
cell with metallic vias under u-polarized and v-polarized incident plane waves, respectively. (d) 
and (e) show the current distributions on the patches and ground of the unit cell without 
metallic vias under u-polarized and v-polarized incident plane wave, respectively. 
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(a) Intuitive scheme of the multi-reflection 
under a normally incident y-polarized wave. (b) 
and (c) show the axial ratio and phase 
difference between @,, and @,, of unit cells 
with superstrate thickness of O mm (blue 
triangle), 2mm (red circle), 4mm (black 
square), and 6mm (green star), respectively. 
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Antenna system. (a) Side view. (b) Square loops printed on the bottom layer of the lower 
superstrate Sl. (c) Square patches printed on the bottom layer of the upper superstrate S.. 


Table I Parameters for the Proposed Antenna (Unit: mm) 





Symbol Value Symbol ate 
120 Wy 6.5 
O ee 9.9 Ww, 7.9 
O X% i 7 W; 8.4 
E 1 W, 9.2 

EE NN 18 Ws 9.6 

BEEN NN 2 We 10.3 

SSS SS 1.5 W, 11.2 

a 13.5 Ws 14 
i RENI 4.25 
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For the radiation case 


—te«— Wm=14mm 
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—e— Wm=11.2mm 
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(b) 


Reflection characteristics of the proposed partially reflective surface with different 
values of W. (a) Reflection magnitudes. (b) Reflection phases. 
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Radiation patterns of the proposed antenna with different values of X, in the (a) xoz-plane 
and (b) yoz-plane. 
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For the scattering case 


Since the dimensions of the patches printed on the upper superstrate (S,,) vary only in the 
x-direction, the proposed PGM can be modeled as a 1 X8 reflect array in the x-direction. Thus, 
the array factor can be calculated as follows : 


o 8 i ; ; 
|fa| 2 1 XE m;eJ(tii cos 9*510 | 


where m; is the reflection magnitude, d4; and f4; are the distance and phase difference 
between the first element and the ith element, respectively. 


Assuming that the reflection magnitudes m; are 1 
and the phase differences between each adjacent 
04 unit are the same 
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Normalized array factor versus phase 


difference between adjacent cells at 0 — 0^. 
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Reflection characteristics of the proposed PGM with different values of W,,. 
(a) Reflection magnitude. (b) Reflection phase. 


The reflection phase @ increases when W ,, decreases: ~=-540° (-180°), -495°,-451°, 
-405°, -360°, -316°, -260°, and -215°for W „=14mm, 11.2mm, 10.3mm, 9.6mm, 
9.2mm, 8.4mm, 7.9mm, and 6.5mm respectively. The phase differences between 
each adjacent unit are all nearly 45°. 
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(a) 
In-band bistatic RCS comparison between proposed and reference antennas at 
8.4GHz for a normally incident EM wave with (a) x- and (b) y-polarization. 
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(a) (b) 
Monostatic RCS of the reference antenna and proposed antenna without MA 
in the xoz-plane under the (a) o-polarized and (b) 0-polarized incident waves. 





Design of Low-RCS and High-Gain Antenna : Fabry- 
ua Perot Antenna 





1. Jia Yongtao, Liu Ying, Guo Y Jay, Li Kun, Gong Shuxi. Broadband polarization rotation reflective 
surfaces and their applications to RCS reduction[J]. IEEE Transactions on Antennas & Propagation, 
2016, 64(1), 179-188. 

2. Jia Yongtao, Liu Ying, Zhang Wenbo, Gong Shuxi. Ultra-wideband and high-efficiency polarization 
rotator based on metasurface[J]. Applied Physics Letters, 2016, 109(5): 051901. 

3. Jia Yongtao, Liu Ying, Guo Y Jay, Li Kun, Gong Shuxi. A dual-patch polarization rotation reflective 
surface and its application to ultra-wideband RCS reduction [J]. EEE Transactions on Antennas & 
Propagation, 2017, 65(6), 3291-3295. 

4. Jia Yongtao, Liu Ying, Zhang Wenbo, Wang Jun, Wang Yizhe, Gong Shuxi, Liao Guisheng. Ultra- 
wideband metasurface with linear-to-circular polarization conversion of an electromagnetic wave [J]. 
Optical Materials Express, 2018, 8(3), 597-604. 

5. Jia Yongtao, Liu Ying, Zhang Wenbo, Jun Wang, and Guisheng Liao, In-band radar cross section 
reduction of slot array antenna [J]. EEE ACCESS, 2018, 6, 23361-23367. 

6. Jia Yongtao, Liu Ying, Gong Shuxi, Zhang Wenbo, Liao Guisheng. A low-RCS and high-gain 
circularly polarized antenna with a low profile[J]. /EEE Antennas & Wireless Propagation Letters, 
2017, 16, 2477-2480. 

7. Jia Yongtao, Liu Ying, Hui Wang, Li Kun, and Gong Shuxi. Low-RCS, high-gain, and wideband 
mushroom antenna [J]. IEEE Antennas and Wireless Propagation Letters, 2015, 14, 277-280 

8. Ying Liu, Kun Li, Yongtao Jia, Yuwen Hao, Shuxi Gong, and Jay Y. Guo. Wideband RCS reduction 
of a slot array antenna using polarization conversion metasurfaces [J]. IEEE Transactions on 
Antennas & Propagation, 2016, 64(1), 326-331. 

9. Ying Liu, Kun Li, Yongtao Jia, Yuwen Hao, Shuxi Gong, and Jay Y. Guo. A circularly polarized high- 
gain antenna with low RCS over a wideband using chessboard polarization conversion metasurfaces 
|J]. IEEE Transactions on Antennas & Propagation, 201 7, 65(8), 4288-4292. 






ee 


to 
L] 
E NN M NN 


EHE 















"Py a 
L " k 


pi 
di 


p 
E aum one 
yo An 
"us s ie M 


: a * 
2t 
i 


nr ur E "s ets 
"T a s a 
F 
ri 


f mmo 





= 


"es 











N 


Thank you! 





pen p 


